Introduction
The quality of sh meat relies on a number of factors, such as the season of the year, age, place of capture, handling, transport, processing, and production system. In sh farming, it is important to choose the most appropriate production system according to the goals, production species, and target market (CREPALDI et al., 2006) .
Fish farming in ponds is one of the oldest methods in aquaculture, mainly used in extensive and semiintensive production systems and, according to Honorato et al. (2014) , is an excellent alternative for the rational use of water bodies that present dif culties for practicing conventional sh farming. This allows the use of plankton production (SCORVO FILHO et al., 2004) , which could improve feed conversion in several sh species (which have gill rakers) and in uence oxygen production, interfering with the dynamics of water parameters.
Farming sh in cages allows using higher stocking densities when compared to shponds. Scorvo Filho et al. (2008) used stocking densities of 0.75 shes/m 2 for shpond farming and of 67 shes/m³ and 133 shes/m³ for cage farming, while Liranço et al. (2011) (LIRANÇO et al., 2011) , the shpond production method can provide desirable characteristics in the nal product quality.
For spotted surubim Pseudoplatystoma corruscans,
Although surubins have not been genetically improved, the yield obtained is high (FANTINI et al., 2013) . Oliveira et al. (2014) compared the performance of cachara Pseudoplatystoma reticulatum, and its hybrid (Pseudoplatystoma spp.) and observed lower standardization of the morphometric characteristics, however, the group performed better. Burkert et al. (2008) reported 47.79% llet yield for surubins reared in cages, whereas Fantini et al. (2013) obtained values of 40.16% and 38.97% for surubins reared in cages and shponds, respectively. Fantini et al. (2014) reported that surubins produced in shponds under different stocking densities had average llet yields of 42.75 ± 3.43%.
Surubins have become popular with consumers and are used in common dishes such as llets, steaks, appetizers, and more re ned dishes like carpaccio.
However, the lack of product standardization of surubim llets may cause uncertainty among consumers; the products may either be of good quality or with unpleasant avors. Due to the lack of information about the characteristics of surubins meat, this study aimed to assess the quality attributes and properties of llets obtained from surubins reared in cages and shponds.
Materials and Methods
Hybrid surubins, without sex distinction and with an initial mean weight of 20 g were reared in a commercial sh farm, in a cage of 2x2x1,2 m, totaling useful volume of 4 m 3 (70 shes/m 3 ) and in a shpond de 20x50 m, totaling 1,000 m 2 with a depth of 1.20 m (10 shes/m 2 ). The experimental design was completely randomized, with two treatments, corresponding to cage and shpond production systems and sixteen replicates each, for which each sh was considered an experimental unit.
The sh of both production systems were fed with extruded feed for carnivorous sh according to the following production steps: 1) sh weighing up to 100 g were fed with 2 to 4 mm diameter pellets containing 40% crude protein -CP (11.0% Ethereal Extract -EE, 2.5% crude ber -CF, 14.0% Mineral Matter -MM, 3.5% calcium and 2.0% phosphorus);
2) Fish between 100 and 300 g were fed 4 to 5 mm pellets with 38% CP (11.5% EE, 3.0% CF, 13.0% MM, 2.5/3.5% calcium and 2.0% phosphorus); 3) Fish between 300 and 500 g were fed with 6 to 8 mm pellets containing 36% crude protein (11.0% EE, 3.5% CF, 12.0% MM, 2.5/3.0% calcium and 1.8% phosphorus); and, 4) Fish over 500 g were fed 12 to 15 mm pellets with 38% CP (8.0% EE, 3.2% CF, 12.5% MM, 3.0/3.8% calcium and 2.0% phosphorus).
The amount of food offered was based on the biomass, being 8% in the rst phase distributed over four times daily; 5% in the second phase, distributed twice daily, and 2% in the last two phases, twice daily. After a 12-month production cycle, surubins were fasted for 48 h to empty their gastrointestinal system. Sixteen shes were sampled from each treatment, with a mean total weight of 867 ± 205 g and 933 ± 106 g for cage and shpond farming, respectively. A total of 32 shes were sacri ced by thermal shock on ice.
Using a knife, llets were cut from surubins by a single person. To obtain lateral llets, dorsolateral muscles were cut lengthwise, along the entire spine, from the cranial region to the end of the caudal peduncle. From the back and towards the belly of the animal, the skin was removed, as suggested by Burkert et al. (2008) . Skinless llets of shes from cage and shpond farming, with a mean total weight of 134.71 ± 33.11 g and 151.56 ± 18.56 g, respectively, were frozen and transported to the Laboratory for Meat Analysis of the Brazilian Enterprise for Agricultural Research -EMBRAPA, Center of Agricultural Research of the Pantanal -CPAP, research unit of Corumbá -MS, to evaluate the quality of the meat.
To assess quality attributes and properties of surubim meat, the following parameters of lateral (located in the lateral region of the sh body) skinless llets were characterized: pH, water retention capacity (WRC), color (L * , a * , b * ), and shear force (SF). The samples were taken from the llets representing three points for each variable.
For the analysis, llet samples were thawed at a temperature of 7 °C in the refrigerator for about 12 hours. Deep intramuscular pH was determined before performing other tests and this value was read in a Mettler Toledo pH meter using a speci c electrode for meats (model 1140). Color and values of L*, a*, and b* (Hunter system, brightness and red and yellow color pattern, respectively) of the llets were assessed using a Minolta CR-10 colorimeter.
Water retention capacity (WRC) was evaluated using the methodology described by Nakamura and Katoh (1985) . One gram of natural muscle was weighed using a BEL analytical scale in a microtube containing lter paper. The sample (triplicated) was centrifuged in a 5417R Eppendorf centrifuge at 1500 × g, for 4 min at 4 °C, and weighed before drying in an oven, at 60 °C for 12 h. Then, samples were weighed again for the following calculation:
WSAC= weight of the sample after centrifugation WSW= weight of the dried sample WIS = weight of the initial sample Shear force (SF) was evaluated by cooking whole llet samples at 90 °C in a water bath, until the internal temperature reached 72 °C (about 15 min). After this procedure, llet samples were maintained at 5 °C. Shear force (SF) was calculated using a texturometer (TAXT2 model) with a speci c blade for shear force, which was previously calibrated with a standard weight of 2 kg. With the aid of a rectangular support, the llets were compressed axially until complete cut of the sample, which were put on texturometer and cut to calculate shear force. The Texture Expert Exceed program, version 2.5, was used to collect the data and calculate the texture (expressed in kgf).
The data were submitted to analysis of variance and Tukey's test, establishing a level of signi cance of 5%. The data were tested for normality and those data points that did not follow a normal distribution were analyzed by the non-parametric MannWhitney test, using the statistical program SAS, version 9.1.
Results and Discussion
The quality of llets of surubim is in uenced by the production system. The means values for the variables analyzed (pH, WRC, color and SF) are described in Table 1 . Fillets obtained from surubins reared in cage had a lower pH than those from shpond farming. This can be justi ed by the explanation of Ordoñez (2007) and Ruiz (2007) where claim that at low pH, the myo bril structure retains less water because the pH approaches the isoelectric point of myo brillar proteins, resulting in a reduced net charge, and consequently, diminished ability to retain water. The stocking density used in cage production systems, which could have stressed the shes and decreased the pH, might have Lower WRC of llets from shes reared in cages implies loss of nutritional value due to the exudate released, which results in drier meat and compromised tenderness (MORENO et al., 2008) . In this process, protein denaturation occurs (GOÑI; SALVADORI, 2010) while the opposite is observed with meats with higher water holding capacity (PINHEIRO et al., 2010) as observed in sh production in ponds.
Water retention capacity of shes obtained in the present study was higher than that obtained by Lara et al. (2010) , who investigated llets of spotted surubim Pseudoplatystoma corruscans from the Paraguay River (Corumbá-MS), with the value of WRC estimated as 58.97 ± 3.24%. In that case, besides the difference in the age of the shes, the authors above worked with a pure species (spotted surubim), whereas in this study, we used a cross between the spotted surubim and cachara.
The L* a* b* space, also known as CIELAB, is a color measurement system widely used in various areas. In this space, L* indicates lightness (L* 0 = black, 100 = white) and a*, chromaticity coordinates, where the -a* +a* axis varies from green to red and the -b* +b * axis, from blue to yellow (MACDOUGALL, 1994) .
Factors such as production conditions (HALLIER et al., 2007) , different biological conditions, diet (ERIKSON; MISIMI, 2008), storage and management can affect brightness (L*) and change the color of the product. However, no changes were observed in this study.
According to Sarnimento (2006) Cage and shpond farming did not in uence the values of variables a* and b*. In shes (p>0.05), values of a* may be considered lower when compared to other meats, such as cattle and sheep, probably because variable a* indicates the intensity of red color and is related to the content of myoglobin in muscles (MAIA; OGAWA, 1999).
Therefore, the higher the a* value, the more red is the meat. Possibly, the reverse occurs with variable b*, yellow color pattern, since higher values were obtained from sh llets when compared to other meats.
The results of SF in cage production were higher when compared to shpond farming (p<0.05). According to Alves and Mancio (2007) , the higher the force dispensed, the lower the tenderness of the llets, which re ects higher tenderness of llets obtained from shes reared in ponds.
The age of the animals is an important factor in the analysis of shear force, because aging increases the number of muscle thermostable collagen crosslinks, which favor the hardness of the meat. Studies on other animal species have reported higher shear force. Medeiros et al. (2012) observed a shear force of 3.19 kgf in breast llet of Cobb 700
broiler chicken slaughtered at 42 days. Agostini et al. (2011) evaluated the effects of ractopamine supplementation (0, 10, and 20 ppm) in the diets of male castrated pigs and nishing-females and its in uence on meat quality. The authors did not observe difference (p>0.05) in shear force and the mean values varied between 5.28 ± 0.66 and 5.50 ± 0.89 kgf.
Furlan (2013) investigated the quality and economical value enhancement of Atlantic seabob prawns and reported mean shear force values of 0.67 ± 0.1 kgf. Of the discussed meats, prawn meat stands out in terms of tenderness, followed by sh llet. Pork and poultry meats distanced themselves from meat that originated from aquaculture in terms of softness. This feature is just one of the positive aspects that can be highlighted in the advertising and marketing of sh meat, which can result in increased consumption.
Surubins reared in different production systems can be easily found on supermarket shelves. However, under the experimental conditions used in this study, we observed higher water retention, and therefore, more succulent and tender llets from sh reared in ponds.
Conclusions
The quality of surubim (Pseudoplatystoma spp.) llets is in uenced by the production system. The shes reared in pond have a more tender meat.
